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1020020071045 "^A- 2002/12/3 

^<H^i. ^^71 ^j-ofl ^>7l p^ 51-^1- «>£^lf^^ ^^^*!: 4^, n. ^^i-^ 2^H 

<^^^^m ^^1 ^ ^71 2^H ^71 5^^!- ^^^m ^Hl 4> 

7] p^ ^^^^m ^^11- it^m ^1- ^^^s. ^^^^f^ ^is u-^^ 

7llAlt!:i=1-. 7U]^ ^ ""^^^ <^l-§-^m. p-GaNf^^ ^ 

^M7l till^oil, ^^o] ^<^^ #^f^<?] ^-^-iS p-GaN#A>olo] 

^1 ^^>^l7il slJi, n ^4 ^^^'a-^l ^^>^4. a ^eflofl tij^ii 4<y: 

p^ ^d^i: 4-§-t ^ ^4. ^"^^ P 

£ 18 
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1020020071045 %^ <^7}: 2002/12/3 

G a N^^l ^>£^l7> {Method for manufacturing 

light emitting device comprising compound semiconductor of GaN group} 

£ 3 ^ £ 4^ £ 1 ^ £ 2<H1 LED ^ LDS] ^^^^}^ 

£ 5 ifl^l 12^ ^ ^^^^ ^M<^M GM] Wl- ^H^l7> Af-g-^ ^^dt:4 
21 LD ^12: ^^^^ ^n'^.^ ^^^^ 

£ 13 ifl^l £ 15^ 44 ^ f:^^ ^^li<^l fi^t!- GaN^l sj-^l- «>£^l7> Af-g-^ 
^^^^51 U-^o] ^-§-5)0^ A-1^ 4^ ^2:1- LD2] ^^Hl-oli:)-. 

£ 16 ^ £ 17^ 44 ^ ^^^2] ^X\<^]6\] GaN^l ^^1- l>£^l7l- A>-g-^ ^ 
^:^b4^ ^IS wj-^o] ^^s\o] ^^^^ Ajs. 4€- ^Sl- 4fe LED^l ^^Hl-oluf. 
£ 18^ ^ ^^^^ ^ A] 0^1 oil ^tb GaN^l ^^1- ^^^^7} A>-g-^ ^>^:i4^ 

-£ 19^ ^ ^^^2] ^Alo^jo]] o^t!: GaN^l s^-^l- til:£^l7V Aj-g-^ ^v^^;^|.oi 

1}-'^ ^ ^2fl 7l^ofl o^^V ;^l2:«<l-^o11 it}-2} ^V^^^f. ^^^^^ P^ ^^JS] 

^ p-GaNf^4 ^^^>^ ^^-^^.^ ^'{dol^. 
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1020020071045 ^^ "g^}: 2002/12/3 

5.20 ^ S. 21^ ^ ^^^^ ^Al«^loll GM] «V£^l7} A>-g-^ ^ 

201, 300:7]^ 202:-i^^%- 

203. 402, 606 :n^ sj-tf- 204, 408 :n^ €sflHf^ 

205, 304, 502, 608:%^^^ 206 , 506:p^ 

207: si ^1 ^lEs^o]^ 208:p-GaN^ 

208a: 1:^> pKiaNf^ 208b :2^> o]^^^ p-GaNf^ 

209. 314 :p^ 210, 290 :n^ 

302:n^ ^^flHf- 306. 310:p^ ;^ll ^ ;^12 #2fl:Bf^ 

308a, 308b:^ll ^ >il2 ^V^f^ 312:p^ 

400:J1 7]:^ 404, 602:tilol^ 

406, 512, 518: 500, 504:^^11 42 

508, 610 :p^ 510 ::a.^^ 

516 :J1 7]^ 600:44^1^ 

612:^1-^^^ 604, 614:^1-^^^ 

600a: 44^1 «H 7]^ 
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. 1020020071045 #^ "4^}- 2002/12/3 

^ 9X3., ^ 2ii<^i^i«j* ^^^^i^j ^ 9X^ Gam] m% 

<25> ti>£^l :5Jol eilo];^-^ ^oj^^aaser Diode. LD)^^!- 4 

ol^HCLight Emitting Diode, LED)ol4. LD^ i^SS c^l^lBl 71^0] 7>^tl: 
7l^fB^l, c^l^cfl CD-R, CD-RW afe DVD -^4 ^ 7l^p||^]7|. 7M5]t^a-1, ojs. 7] 

pfl^ioii c-floiE-ii- Jl^^-^^ 7i^-t ^ ^ 7l^ ^^^S^ 4-8-5lJi 

LD^ DVD Al>itflo^ ZL -g-g-^^>7} ^^^1: 1^ ^He}, FCDCfull color 

display)'^lH ^^^<?1 4i^>Sa^ h <a^/7rs^ol ^m-^j 
<26> LED^ ^^^^^H^i^ %%^]^ ^^}7l7lfi1 ^^l- ^14^0.3. s^l*V7l ^ 

<27> £ 1 ^ £ 2fe 4^ ^sfl 7l^<^l GaN^l ti]-£^l7]- A>-g-^ LED ^ LD^ 

<28> ni;^^^ ;£ LED^ 71^(10) n-QaNf^ ( 12 ) ^1 ^tijs^o^ o;!^. 

n-GaNf^(12)^ >fll ^ ;^12 <1^(R1. R2)^S. ^^^<^ 9X^. A]l ^^(Rl)4 ;^12 
(R2)A}oloil ^:^}7]- ^7RVi:l-. ;^ll <^ ^ (Rl):^!:]- ^2 ^^(R2)2l ^7117]- ^4. n-GaNf^ 
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1020020071045 %^ 2002/12/3 

(12)51 ;(|ll -^^(Rl) *^^f^(14), p-GaNf^(16) ^ ^^(18)<^1 ^^H-^S 
n-GaN^(12)Sl ;^12 ^^(R2) ^^(22)0] ^4. 

<29> H 21- ^Bfls] LD^ 71:^(10) n-GaNf'(12)ol S^^llW. 

n-GaNf^(12)^ S. H Sa]^ lEDS] ^^^^j-Tfl >ill ^ ^12 *=g^(Rl, R2)^S 

s]cH ^ji. 7112 ^^(R2) ^^(40)ol ^^js)^ ^4. n-GaNf^(12)s1 ;^ll 

(Rl) ^Hl n-€eflHf^(24)3i}- o] ^t\- ^^f-o] n-£4f^(26) , n-:£3i}-f^(26)^4 ^ 
^1:^1 %^^f^(28). %^jf^(28):a4 ^^l:^! p-£4f'(30)-2.S. ^^^^1^ ^ 

^7if^oi ^^^5\o] sxt^, p-£5|-f^(3o) ^Hi o]m ^^^^] p-#2flH^(32)o] # 

p-€2flHf^(32)^ 7l-^i:il :^^ol ^s. el^Kridge)!- olf-ji o;i 

4. p-€2flHf^(32)S] s.^^ « « ^6\] a^^o.^Ml p-GaNf^(34)ol ^a^5](>1 $i 

i:}. p-#HflHf^(32)^ :a.^^-(36)A^ ^<^$afec1], is^(36)^ p-GaN#(34)^ 
^c^^ 'U^ "^^S ^Ji ^4. :aJ:^-(36) ^<^1 p-GaNf^(34)^ 
(38)ol ^^^^o] ^4. 

<30> i i6\] ^x\^ ^eflo] LED^ p^ ^^(18) ^ £ 2^1 £^1^ LD^ p^ 

(38)^ IE 3 ^ £ 4011 44 ^o] ^>^^^4. ^v, £ 3 ^ £ 4011 p^ ;$1 

^s] ^sw]:^^ s.^ "38-5. ^<a^4. 

<3i> £ 3^ ^S^m, ^^^^S. Aj-g-^ p-GaNf^(16 SE^ 34) -a-'Hl A>5^• 

(oxidation potent ial)<il ;^ll ^^#(38a) ^ -t]:^ i^^^^l ^l2 ^^^-(385) 

^^^4^ P^ ^^(38)ol ^A^€4. ^11 ^ ^12 ^^f^(38a, 38b)^ 
4^(Ni)f^ ^ ^(Au)^-^S. ^A^€4. <^1^7ll p^ ^^(38)cl ^A^€ 11 
^ <H^^4fecll. ^7] o^^^ofl 44 ^^^(38b)# ^^^t}^ €^1-01 ^11 
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1020020071045 W^ '^^}- 2002/12/3 

#^f^(38a)^ ^^t}c^ p-GaNf^(16 34)-^S o] £ 40]] ha]^ 

^ ^o] p-GaNf^(16 Sfe 34)3^1- ^1 ^^%-(38a)^}o]d\] A]2 ^^%^i38h)o] ^^^^t^. ^] 

^?\] p-caNf^cie 34)4 ^^(38)4«5i2] ^#;^*j-oi ^of^iTii ^4. 

<=>]m P^ ^^^IJ-'S^ iW^ #2fl 7l#«:>)l 51*V GaN^l «JH^l7l- A> 

-g-^ ^^4i;^>s] ^^^-^r p-<JaN#(16 34) ^^ji^l^ 

^11 ^ ;^12 ^^f^(38a, 38b)5l <i^^^ ^;^1<^1 5]^eH £ 1 ^ £ 22] ^^(18, 
38)0] ^^is\7] Kfl^oil, p^ ^^(18, 38)^ ^^j^V^t^l A>-g-^ ^ oi^ i-^o] pfl-f ^1 

^ '^'^^] ^WlL^t}^ 7l#^ 321-^1^ ^2fl 71^5] 7fl^ 

£ p^ sl-^l- yVt^lf^o] $7l]^>j7, ^1-71 51-^1- p^ ^q- 

■i: n^w]^]-^ ^^^41/^]-^ 9X<^^^, ^1-71 ^Hl ^7] p^ sl-f-l- iVs^j 

^^^^ 4^, 2^H ^H^^^l-^ ^7^1 ^ ^7] 2^H 

^ ^71 p^ S^^l- wVS^lf^ '^<H1 ^7] p^ ^Aj^].^ rl-T]]-. i^^l-^ m 

b:]-^ GaN^^l sj-^l- tiV£^l7]. Af^^ 
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• ' 1020020071045 %:^ 2002/12/3 

<35> ^41-^ 2^H o^^^s^V^ ^^]^ 4^1 ^7] 5}--tl- «>£^1#^ ^ 

4^. II 141-4 ^4.^^7lo1lAi ^11 o^^^^l-^ ^^isq. .^71 ^11 <H^^^ 14 
1-4 ^V^l- SWfe ^^^loflAi 42 o]^^^}^ 4^ ^ ^4. ojufl, ;^ll 

'H^^^ ^^1*]-^. 300 °C~ 1000 IC'^l'^i 30^-3^1^ f-^ ^^I^ii ^ 

7l 42 ^^^^ W^^l^^i ^^1*>JI. 300°C~1000lC<^l>^i 30^~10AlL> ^^IW. 
<36> >^T-7l ^%±7^7} LED*?! ^>7l ^^l" ti>£^]f^^ p-GaNf^^S. 

<37> ^V7l ^^%±7^7} Ld9l ^1-71 p^ 51-^1- , ^7] 

<38> ^ ^t^^ .^-71 71^2^ 4^11- ^^J^l-71 ^^M. 71^ ^ofl ^ol£ *V „ 

^ Wl- ^>£^1#4 ^^^^}^ m ^7l 51-^1- ^<^1 ^^1 

^^^^}^ ^12 ^^1, ^>7l 5l-^l- 
4 ^^^^m ^13 ^^1, p^ Wl- p^ ^14 

^7] 4A ^n'>\]^^ ^^7] p^ >^V7l p^ 5f-tl- tiJ::£^flf^ol ^A^^ 141:4 2^><^1 

1^ ^^^t!- 44*^1 ^^^*>^ ^4 ^^1-^^ *m GaN;^l s^^l- ti>£^l7l- A}-g.^ ^v:f 

<39> olfrl^V ^ ^vt^# ^^l-g-^V^. ^7l 2^H <^^^<^1 p-GaN#^ ^ 
^1-^l7l nfl^ofl, p^ ^-^o] ^^o^ ^-f-^l^ p^ ^^4 p-QaNf^AH ^^^^^^ 

^] ^^HTfl ^JL, ZL 14 ^^i;^>2i ^^^^g-o] ^o>^4. jEtb ^ ^^^4 ^^4 ^ 
^ ^fe ^<^1^. <Htc|tb ^^f^-^S-S p^ ^^4 ^^^1: ^ $i4. 44>^i. ^£fl4 
tilHl- nfl, ^ ^^^^ p^ ^^-^^ >^>4€ ^ ^^f^^l tfl^ ^^$] ^o] 
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1020020071045 ^^ ^^1-: 2002/12/3 

<40> o]t}, ^ ^vigo] ^Ajc^l^il o^t!: GaN^^l ^^1- «>£^l7> A>-g-^ ^^^di/^f^l ^12: 
^-^-^ £^1:4 %^S^H ^Ml^>7fl ^1 S^-^l f^^^lM- 

<4i> ^ ^vt^o^ ^Ajc^lol] oj^v ^12: ^ LD ^ LED 

p-GaNf^(p^ ^^^) ;^oil ^^^*]-7l ^ofl ^Alsl^ 

^71 p-GaNf^^ 4^<^1 ^li i:fl^^i^ ^^^;^>, GaN:^l Sj- 

<42> H 5 £ 12^ ^ ^^^s] ^Al<^loi] o]^ GaN^^l ^^1- ti}:£^l7l- A>^^ 

^12: ^^I'i^ M-Bf^ ^^:£1-<^14. 

<43> 1?!^-], S. 51- ^V^^].ig, 71^(201) ^T-^f^^^ €l-^}7fl ^>7l ^^V 

31^(202), 51-^1: ^J:S.^]%-(203) , €HflHf^(204) , e^lolx^wjo] 
^^j#(205) ^ €HflH.f^(206)^ ^^j*V4. »l3lf^(202)^ GaN#^^, n 

^ «]:H^1^(203)^ n-GaNf^-^5., #BflH^(204)^ n-AlGaNf^A^, 

(205)^ InGaNf^-^S., p^ €2flHf^(206)^ p-AlGaNf^-2.^ 
<44> £ 64 p^ #5fl^f^(206) ^<^1 p^ €2flHf^(206)2] <^a-?- <^^4 ^V:^ 

pfriiHCM)!- ^^Jt!:4. 4^^4(photo lithography)^^ 4 P^ 

#HflHf'(206)^ i:'>>.a(M)7> ^^jsl^l <^^4 ^^1^ ^2^^ 
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1020020071045 #^ ^^^1-: 2002/12/3 

4>iH(M)l- y^]7]^^. o]^7\] n^], #5flH^(206)Sl pl->iH(M)S. el 

^1 :^E.^o] ^{207)7} ^^^€4. ^1^, ^^<^] 4^ ^^^^ e^^i ^^.5^.01 

S(207) #HflH^(206)o|l N^l ^^*>7fl sl^t-ll, ZL«^1 ^el- N^^^fe 

S-fH (donor) §^1- ^^^^H el^l ^^^'=>]Bi207) p^ #HflH^(206)^ 

^^l(semi-insulator)7> ^4. ojf 7II ^flA-] b]7] ^.es^-o] k (207)^ ^«fl>««i^ ^ 

*a5l7l H^^], ^^%±7\$] ^o]^ ^4. 

<45> ;^l^tflA-l £ 7^ ^S^V^, sl^l ^^5l-<5lH(207) ^Hl p-GaNf^(208)i: ^^^tb^-. 

p-GaNf^(208)^ p-GaNf^( 208)1: ^^Jtb 4-§-, p-GaNf^(208)^ 2^> 

(anneal )^mi:i], <^1^ p-GaNf^(208) ^^^^1^ 

^ms. lis] 209 #2:)4 p-GaN^(208)A}olo] ^^7-liJ-# ^^7] ^^oju]-. 
<46> ^7-], Ji^l- tiVc^]A(208)^ 1^1- c>]^^^>7l ^«fl, p-GaNf^ (208)^1 

^41-^ ^^7] >lll o^^^oj] p-GaNf^(208)ol n ^Jr^fl 

f--^^ 1:^1-, il- 1-^ T^4i(H)7} tiflt^rf. 
<47> ^1-71 ;qil o^^^^ 3iq:i(furnace)iAi ^AM^}^ ^^1 4^ 

o] t3>^3]^}j7, 300°C~1000''C<^lAi ^^If- ^ 500°CollAi -^^l^l-fe ^^1 ^}^^ 

t}rJ^, S. m ^7l -a-^, ^^7] ^ ^H^^i^i 30^~3Al^> ^^V^Alt ^ 

£ ^-^14, 1^ ^'?> ^Al^>^ ^o] w>^3l*>4. 
<48> :£ si^i 208a^ p-GaN^(208)«^l ^7l o^^^o^] s^tfl <i^5l^ ^4 

mom, 1^} <^^^ GaN^olH^- ^)i: 
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' 1020020071045 ^^^>: 2002/12/3 

<49> 41-71 ;^ll o]c]A] p-GaN^(208)^ 2^} ^^^>7l ^n, l:x> o]^^ 

GaN#(208a)^ ^12 ^12 ^1^^^ W^H^i ^^1^1"^, ^7] :^ll o]^ 

>a:d!i(02)# ^^7l<^lAi ^o] i3>^z]€r>j7, 300 1 -1000 TC<^1 

X\ ^Alf- ^ SOOTCi^-l ^^1^>^ ^^1 wl-^^^H, ^l2^t!: S^^H^i 30^~ 

10^1:?]: ^^1^ ^-^M-, 30^ ^9}: "i^]^}^ ^^1 wj-^^^l-^. ^7] ;^fll 

^aJf P}:?V7MS. ^71 42 <>1^^^ 3lll^:i<^lAi ^^1^}^ ^^1 WV^^^W, 

<50> £ 9«^lAl ^s^Ji 208b^ 1^> GaNf^(208a)ol ^7] 42 ^^^<=>11 s]*!! 

^^l-C^^l^}. 2^> <^^^ GaNf^<^l2l- t)^ M-^W. 

<5i> >^7l ;«lll ^ ;^12 p-GaN#(208)<5l ^^^^S. 2:^> GaN% 

(208b)-^S 5l^>^i, 2^> GaN^(208b)2l- ^^^^11^^ ^^^1 11^ 

209 ^2:)AH^ ^^^if-^l sl^cfl, o. ^91^ ^>7l 1^1- o]^^ 

£ l^f GaN^(208a)'^l ^<^1- $1^, £^ ^tS. a|-§-£]^ 1:^1-, o^ll- l-^^ 

p>^i-il#(Mg)2f 1^5]^ 1^1- GaN^(208a)^ ^]^^-^ 3.7\] ^^E.^ ^±{11)7} 4>7l 

2^} o]^^ ^^^4^] tiJ:-g-^>7li4 ^4^9l ^^<^1- l^V 

GaNf^(208a)-^S.^Ei ^17^5171 nfl^«?l ^2)-^4. ^ wi- 

fe ^7l 2^> <H^^ -LV^iSl- ^t(defect)^l 1^> GaN#(208a)^<Hl 

^A^slJl, o] Jf«flA-l ^^:$i£7]- 7^:3-^^^ 2:^}- <H^€ GaNf^(208b)^ ^ 

<52> s. 10# ^^^1-^, 2^> GaNf^(208b)^l ^^^^ ^41- ^-^S. 2^V ^H^^ 

GaNf^(208b)^ ^fe ^^^(209)(o]^>, p^ ^^^]^ ^^^^4. ^^(209)^ 
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' ^ 1020020071045 %^ ^^>: 2002/12/3 

^^tn^Cwork function)7f ^ 4-§-*>^ ^^^f^^S. ^^^^1-^ ^o] ti]-^3i^>i4, 

4^0.5. #1^, ^^(209)^ ^^7> ^ ^^f^o] ^51- 

^^f^^ Ni/Auf')-2-S. ^^j^H£ 

<53> o]si\. ^o] ^^(209)^ ^^^IV uf-g-, ^^o] ^^j^ ^^t}?] ^t} 

£ llofl 5.^]^ ti>^ ^o] ^^(209) ^^]^] 2^} cH^^ GaN^(208b)-^S-fEi o] 
^^ >^7] ^4 i!^^d\]X\ 2^> o^^^ GaN^(208b)^ pV^aCtilS 

Al)oii ^71 ^yJf^ sl-tl- «J£^1f^(203)2i <^a^7l- ^^V^l 

^7l ^4 ^ ^7l n>>i3l- >ll7l^V4. 
<54> :e 121- %3^t}^, ^7] tiV£^lf^(203)^ ^ 

^ ^Hl ^^(210)^ ^^^tl:4. ^l^^fl GM] ^£^11- 44^ LD7} ^ 

<55> ^^(209)^ ^^j^l-fe ^^(209)^ 2^> ^^'i^ GaN# 

(208b) ^Hl^J: ^^j^l-JL, n £ H ^^1 ix4(108)^ ^^^^ ^ 

<56> .^^^V ^ § p^ 

^^^*]-7l p^ ^^3z}- ^^slfe p-GaNf^# 2^> ^^^^1-^ £ 
12<H1 HA]^ LD^l- ^S7> 4^ ^^^^ ^Efls^ LD1-. <^l^tfl £ 13 ^^1 ^ 15<^1 H^tb 
LDfi] ^12: ^^<^]S. ^'im] ^-g-^T^. 



1020020071045 ^^ ^;^}: 2002/12/3 

^^l^-^S. £ 13<H1 GaN;^l tiVt^l 4-8-^ LD^ ^ p 

^ ^^(290, 314)0] ^wl5]o] ojj7, o]^ A}o]6\] eflol^-li. wj-^Aj^lj] <^e-l ^± 

^^(290) 71^(300)0] ^^^Elc:>1 71^(300)^ 
^l7l^o.^^ n-GaN 7]:&o]i:]-, 7]:&(300) ^<^1 #HflHf'(302), ^^o] ^^^] S]^ 
4^<a=;^l-fl-(MQW) ^^S] %^^f^(304) ^ ^11 #sflHf^(306)ol 
^^H^^ ^f^slc^] o;(4. #5flHf^(302)^ «-^^f^(304):a4 ^^Iro] -J-^ 
^1- c^ll- 1-^ n-AlGaNf^olu]-. #5flHf^(306)^ «-^^f^(304) 

(304)4 €HflH#(302)4 p^ ;^ll €2fl^f^(306)^ ^]]o]x] ^t:?]^ 

^11-4. p^ ^11 #Hfl^#(306) ^ ;^]2 ^^^l-c]-^(308a, 3085)^1 ^^^s]^ $1 

s], 7]E]ni.^ <=>1^£]^ ^4. ^ ^^12 ^^^l-^^(308a, 308b)Al-o]s. i]]o]?;\ 

^^>^f^(308a, 308b)^ ^)]^ '^^(C)^ ^J^W. 42 ^^^> 

^f^(308a, 308b)^ ^l^s] ^1^5]S.S. ^jl ^ ^2 €^^l-^f^(308a. 308b)o11 

'^^(C)^ iE5}o]^ ^A^o] ^4. ^ ;qi2 :^^^l-r3.^(308a, 
308b) ^11^ <=g^(C)^ ^Sfl^i p^ ^11 #2flHf^(306)4 ^#£1^ p^ 

^12 €BflHf^(310)ol ^^^S\o] ^ #2flH#(306, 310)^ ^<atb p^ 

Wl- usii:^!, ^ ;^]2 ^^^>ci-*(308a, 308b)^ «J:£^] 

f^olHS, p;^ ^11 ^ ;^]2 €sflH^(306. 310)0^1- ^1 ^ >ll2 ^^^mf^(308a. 308b)^ 
p-n-p 0)^7]] ^4. 421-^1, p^ ;^ll ^ ;^12 #Hfl:£#(306, 310)4 ;^li ^ 
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42 ^^^>^f^(308a, 308b) ^}^]^ AM^] ^^#(depletion layer)^! ^^^^4. 

^11 ^ ^12 ^^^>^^(308a, 308b)^ ^ll^'^^(C)* 4^ '^^^ ^n^] ^^7> 

£ 13^ m ^S*>^. ^11 ^ ^12 ^^^mf-OOSa. 308b)# >112 #efl 

Hf^(310)2] ^fl^<^^(C)<Hl tfl-§-£l^ 4^ «.«oii tij^i] 4^ i^*Vt-i]. o]^^ 

^11 ^ ^12 €^ ^>^f^(308a, 308b)4 ^fl^'^^(C)>^H'Hl ^^ll^l-^ ^^«^14. ^] 
sit!- ^12 €Hfl:£f^(310) S^o] 3g3g^v ^^f^(312)ol ^4. P^ 

^^^(312)^ p-GaNf^<^14. P^ ^^f^(312) p^ ^^(314)<^1 

^'^ ^4. 

^^^^ LD^ ^IS «j-^<^l^i p^ ^^f^(312) ^Hl p^ ^^(314)^ ^ 
^^*>7lo1] OVA-], $^f^(312)^ ^J-#tV o]^^ 2::?i^HH 2^H *i^^2l^4. 

4w, £ M'^l s.^]^ Gann i^]::£^l7l- Af-g-^ LD^ #1^:^.^, JI 7-1 

•t^^ 71^(400), ^1-4^1^ 7]iJ ^Hl 21-^1- (402)0] $7llt!:4. 

sl-^-i- ti]:£^l^(402)€: GaNTjj^s] m-y^ ^sfl- s^-^l- tiVjE^flf. o.^^ , z]^ ^ 
ol^o] ^o] 4^^^|-J7, ZL f^oflA^i n-GaN^-?! ^o] 4^2) ji ^-j^j-^^ 7)^(400) 

^1 <=>M^±S. ^^^^ tilol^(404)ol ^>^j£]cH $14. n 
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^ Wl- ^£^1^^(402)2] z]^ '^^-^ o]^]^ wlol^(404)# -f-tfl wlo^^ 
(404)^ 1>H^1^(402)^ £:^f'(406) 

o] JL y^]^}^^ 71:^(400)5] ^^jslo] ^4. £^#(406)^ ^f^^^^l^. ^■ 

^# ^>-£^lf^(402) >^cfl €2fl:£f^(408)ol #2flHf^(408) ^^51 

T^^^^l-^ ^11 S^f-Cwave guide layer)(500), l-^^f^(502) ^ ;^12 £4f^(504) 
^1 ^^H-^^ ^^^51^ ^4. ^11 ^ ^12 H5l-f^(500, 504)^ GaN;^!^^ III-V^ ^sj- 

# Wl- te^lf^-^S'H, 44^ n-GaNf' ^ p-GaNf^^ ^^l Vi\^^t}t\., y^i ^ ;^|12 
£4^(500, 504)^1 ^^1-^ ^^B.%^U08)^ ^^1-^4 ^4. %^jf^(502)^ GaN 
^11^ III-V^ c^ll- <yf-(In)# tij-^^. "t-^*!-^ 
InGaN#ol4. #^^#(502)^ #^1:^ ;^ll ^ ;^l2 Hs}-f^(500, m)^^ ^4. ojoj] 4 

•§•^17]^^ #^1-^ ^^i^i ^^^5. #^1-^1 4^^>^ ^Efloj^.^ jg- ^ 

^"^^ ^ $1 JL Zl ^32}- l:^jf^(502)iAio^ efloj^-l Jl^o] ^o]-;^l7ll ^4. 42 

£4#(504) ^Hl #Hfl-B#(506)ol ^r^^ €HflHf^(506)^ ^J-^ 7^^ 

# ^iE^lf^(508)ol ^Hl£)o] p^ ti>£^lf^(508)^ 1-^ 
P-Gam^]^. p^ €2flHf^(506)fi] ^1:^^^(510)0.^ oij,^ :e.J:^(510)^ p 
^ Wl- ^>£^lf'(508)2] ^#^4. :e-S4(510) H^f^(512)ol -^wls] 
<^ 9X^, S.^%-i512)-& ^^:^^^S.^ p^ ^^1- «]:£^lf^(508)3il- ^^-^o] ^zJ^^ 

^l^it!: SWfe LD^ #2flHf^(506)2l >^7l 1- 

^^2] >^i-^ia<^l p^ ^>£^lf^(508)(p-GaNf^)^ ^^^^ 4^. p^ 

#2flHf^(506)^ p^ 5}-^i- «>H^l^(508)^ <a=^3ii- ^#si^ :e.J:B]-(5io)^ ^ 
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^^^}3L, ^:£^(510) ^^S. ^^1- H>H^1#(508)4 :E^#(512)(>^^:g 

Slfet-il. ^-tl- ^>£^1#(508)^ ^^^t!- 4^, H^^(512)# 
*M ^oil p^ til-£^lf.(508)^ 2^><^1 <H^^^l-7ll ^4. ^1^. 2^H 

<63> «]:£^lf^(508)^ ^^jtb 4^. iJ:^(510)^ ^^^^M wj-S :S 

<64> ^^^^ ^^i^ ^:^d\] ^X\t}^ ^^o]^. 

<66> ^^1^0.^ :e 15# f-^^>ia, Sl-f-l- «>:£^1#(514)^ ^-j^ 7]-^i:-ll<Hl Jl 

7]:^: 3ifl^(5i6)ol ^tilE]c>| 0137, ZL Wl" ^£^1^(514)^ ^i^^ ji 

7]^ ^^(516)^ £^f^(518)AS. H:$l#(518)^ 

«]::E^]f^(514) ^>oi] ^^>^ o.^ ^^^#1-^ ^^^^ 

£ 144 ^^^l-HS., Ojoll ^^T^ o. 

<67> £ 15ofl SAltV 44 U)6\] p^ ^^f^^l 5}- 

^1- «]:£^lf^(508)«^l cfl^V 24<Hl ^^^^^ ^^]^ ^^0.^0]:^ ^}iJ^s. 
^ ^4. 
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^ ^^^^ ^Ajc^loil o^^v ^^i;^>2l ^]3i £ 12 iflxl £ 15011 ^a] 

^ 44 ^2:1- ^^fe LD4 ^12: 13-^ 0>u|El- l^-y^^^ ^2:1- 4*^1 

<^11- -E 16^ ^ ^1-^^^(612. 604)^^1 ^^}^ 4^*l-£^ ^til^lcH 

Jl, n A>olo)] A>s|.o]oi 7l:&(600), sl-tl- ^>£^1#(606), «:^^f^(608) ^ s}- 

«]:£^lf^(610)ol ^^]-^ o.^ ^^o:) LEDl- :a^^4. 44^]^ 7l^(600)<='11 

•^^^71- 42fl^AS. wlo1^(602)ol ^^ysjo^ ti]o^^(602)^ ^^a^ S]- 

W ^£^1^^(606)2] x-]^ «^^:f-7> i::#€4. ^l-^€^(604)^ ^M^]^ 71:^(600)51 :^ 
^'Hl ^A^sjo] oj^^t^, Wl- ^£^lf^(606)4 ^7] ^^Sjol $14. 

^14 S^^m LED5] Wl- ^>H^1f^ 

(610) ^Hl ^^(612)ol ^^^471 ^ofl a}E^lf^(610)^ 2^H1 ^ 

^^^4. ^1^, ^1-7] 2^H1 ^^^^ 1^> ^ 2^1- ^^^^ ^^IW. 

£ 17^ '5. 16i LED4 -^^^tb ^'^Is], n «>IE^lf^(606) :^]^^ ^4 

^ ^oHl'il: Afsfolo^ 7]^ 2|lEi(600a) ^^Is^o^ 4n]xl cg^^ hi%5\o] oj^o^ 
^ ^1-^^^(614)0] «]::E^lf^(606)^ ^j-7l ;^-lia ^ Aj-i^olo^ 7]^ Jifl 

^(600a)4 ^til^ LEDl- ^<>lt'4. <^7lA-l, s^^^ ^£^lf^(606) 

^6\] ^#1-^ £ 16<^1 SAltl: LEDollA^4 ^#1-4 ^-a^l-JI, n 

44 %^^^41-<^1 '^fltl- ^1^ 1}-^^ £ 18<>11 iEAltb 44 ^o] ;=ge| 

1- ^ ^4. 
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<73> ^^1^0.^, £ 18^ ^S^f^, ^ ^tgs] ^Ajc^loi] ^^i;^)- 

^^*>^ ^;^1<^14. ^M, 7l^^ GaN 7)^4 «V£^1 71:^0] ^o] 

71^4 ^o] j7 7]^ol Af-g-^ ^ o;(4. o]i^ 

<74> ^^^^1-71- LD^m LEDomoil ^s^- >^7l Wl" 

^el-^lTll ^4. ^;^>^ ^-f . Wl- £ 12 ^fl^l £ 15<:HlAi 1- ^ = 

^1 ^HflHf^ ^/a^ ^ $l7l ufl^oil, ^ 

<75> yj-'^^ ^12 ^^1(710)^ 4^71 ^Hl ^^^i}^ 

^ W:^^l-7l- LDom LED^moll 1421- ^71 sl-^l- ti]-i^>^l#^ ^"^f^^ 
^^^^4. >S-7] ^^%±7^7} LD<y £ 12 i^x] £ isoflA^ ^ ox^o]^ >^7l p 

^ «J:£^1#^ #^^#4 p^ ^^AHoll a^^l- 2lPl^>^ ^ol4. 

^71 p^ ^^1- tiVs^l^oil p^ ^^slfe ^^^(.^i^cfl p-GaN#)ol i 

t€ ^ ^Ji. £ 14i LD^ ^-fe}^ iJ:^(510)H ^ $14. 
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<78> 4^ Hj-i^o^ ;*114 ^;^1(730)^ ojs]^ tiVi^lf^o] ^^-^^ 1^} 

<79> 42i ^^^^ 45 ^;^1(740)^ ^7] o^^^^ 141-^ 2^> ^^^^ffe ^^l^l 

4. 2^> c>l^^oll rfl^ ^A] ^^-#^1-^0.2.^ 

<80> ;^]6 ^;^1(750)^ ^7] 2^> s}-^!- uVS^lf^ p 

<81> ^^1^ O.^^ ^7] ^^^±7^7} U)91 ^>7l p^ >a-7l p^ ^^1- 

^]%-^ ^Hl ^7] ^^^±7^7} LED^ ^-f , £ 16 H 17 

^Hl^i t ^ oj^o] %^^f^(608) ^oi] ^^^#2] p^ ^^1- tiVjE^lf^CeiO) ^^<H1 

<82> ^17 ^;^1(760)^ ^71 51-^1- ^#£l:£^ 

<83> c]:^l(760)i^i ^>7l ^1-7] ^o^^ wJ-*J:o.^ ^^^^1-7^ 

^7] p^ ^a^^ ^ 

<84> ;§-f , H 1 ^ £ 12^ £Al^V LD7> zi <^]7} ^ ^ oi^^^]^ ^>7] 

^1 «J-^j=<^lAi ^7] p^ 5^-^!- tiv^^if^ ^ ^xHA^ ^iTliv 4^, 4> 

<^^«- ^o^^ ^n^^^ 47]^^. ^7] ^^1- tiViE^Hlf^^ ^7] 

^ '^^ ^ofl >S-7l ^^^W. 
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^^}^ £ 13 ifl^l £ 15^] SAltb LD4 H 16 ^ £ 17<^1 SAj^V LED7> zi 

^2fl 7i#oii tcj-ei- ^^^^ tfl>a-^^ ^^-^'a-^^j. 

p-GaNf^^H^I ^^^-l^j- ^ ^K^m ^^^^ til51^1-5|t:f. 

H 19S!|- H 20^ ols]^ Hjjii ^ij-s. ^c^-^^ ^ 19^ :^^-:5l<a- 

H 20^ ^^^W^^l-, £ 21^ ^sf-i- 

^;^-], H 91- %l-2:*>i^, ..^"^ ^ ^vtgo^ ^Alc^jcll o^^v ^^^i^^l- 42: 

^^^tl- ^^^^ ^0.5.^ p-GaNf^i: 2^H] 

t!: 4^, ^^f^-^^ ^A^*V ^-^('^'l^l-, ^11 ^-fs} t)olu}. 

^^-^'a- ^^^^ M-Bl-iflfec-ll, "□"^ cfo^ ^^^o.^ ^^^^ ^o.^ 

II l-^^^tl: ^-f (ol^K ^12 f-)olj7, "O"^ ^ 

^f^o.^ ^^^*!: 4^. n ^^^^ U-^AS. #Aj^tb ^^(ol*>, ^13 ^ 

^7l ^]1 ^ ;^12 wlJil^V c].<g ^^^^ ,^]^cfl ul^iCNi)^^^. 

^ ^^-i- ^^^^ "A. ^^-^^J- ^A^o] -^^^^ o^v - 
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<90> a ^7] 4l ^ ^13 ^-fl- 4, ^ ^^<^1 4^ 

<^l^cfl M^(Ni)f^/^(Au)f^-9.S ^^^^ ^, ^^^$\ ^^-^^^ ^^^^ i 

<9i> IE 20^ ^2:sr>^, PI ^ P2^ z]-z^- ^7] :^]2 ^ ;«ll3 :^ 

SBn;5]*j.^ M-Efi^cf. nslJl P3 vfl^l P5fe ^>7l ;Hll ^^i^i^l p^ 
M-H^-ifl^cil, P3^ p^ «fl^(Pt)f^^S. ^^j^rl-^^ nfl, P4^ p^ 

^(Au)f^-^S ^^^«>^^ "fl, P5fe i^^(Ni)f^^S. ^^j^fS^ nflSl s^7-l 

<92> >^V7l ^12 ^^<^l^i^ ^^^i%HPl)4 ^11 ^^i^i^ ^^^-l-^J-^CPS. PA, P5)# Wl 

4, ^ ^^^^ ^12: «J-^<H1 42]- ^^i: ^^f^-^S ^^^*}^^ ^, ^efl 

<93> 2 ^V7l ^13 ^-f<^lA-14 ^^X-]%V(P2)4 ^>7l ^11 ^^ojjA-jo^ *j.s.(p3 ^ p4^ 

P5)^ wlJE^V 4. ^ ^vt^o^ «j-^oii ttj-e^ cfoj^v cj-o^ ^^#0.^ p^ 

o^^o] S^7-1«J-^ H7]] 4^^1 <t ^ ^$^4. 

<94> n^n^j, S. 21^ ^2:t!:4. £ 2H>^i ^2:-^^ Pr ^ P2'fe z]-z^- >a-7l ;^12 ^ 
^13 ^-f-^-flAio^ p^ ^Bi(ohmic)^#£]b p-GaN#S] 4=1 S;^i*cK sheet resistance) 

^ 44'a4. P3' ifl^l P5'^ >^7l ;^lli ^-f<^llA-1o] :^^3j). 

p-GaN#^ 4^Mx-]*J-^ x4E^.^fl^c-|l, P3'^ p^ «-^^(Pt)#^S ^^^^f^^ 
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<95> H 204 :£ 21^ tilH^]-^, ^5fl 7]#3il- ^ ^i^A>o]o^ 4=1S^-1*J- 

^^^^ ^B-f -H-^f-^ ^4. ^^^^ >a-7l ^^^4 

^^^^ mm. 

<96> :£ 19 S. 21# ^^^i ^41-^ ^ ^Al<^l<^ ^lS«c}-^i 

c^'l-^lJL, 4^c>t]: p^ ^q-^ ^^^^ ^ ^-a-^ 5initl-4. 

<97> ^1-7lt!: ^d^'^l^i ^W"] ^^l^^S. 7l7llSlo] ol 0.4^ zi-t^ ^^^51 i^^l- 

tb^t}^ ^C,] 2:1-71^4, ^^1^1^ i^lS-^i *fl^5]<Ho|: o^ii- l-O^ ^ 

tgo] ^t}^ 7l# ^O^A^ ^^1-51 ^1^^ 4€: ^Bfl 

21 LD ^ LED^l p^ ^^^^m P^ ^^^^Holl <^A] ^ 

p-GaNf^# 2^1- ^ 71^^ A>^^ ^-g-f- ^ ojo. 

^ ^^^5] 1^^^ ^Alc^loll o^^H ^ 

^^'^^ofl 7l#^ A>>^V61] o^^fl >g^H;?1o]: 



35-23 



1020020071045 "M- 2002/12/3 

^^^^m >^7] ^^o] ^^^5]^ p-GaNf^^ 2 

c^l^^*!- 4^, >^7] p-GaNf^ ^<^1 P^ ^^^W. 2^V<H1 ^ 

^ ^"d^ ^^1 ^12 ^50:^^^71011^-1 ^Al^V^. ojel^ a. ^vt^^ ol-g- 

^f^. ^7l 2^H '^'d^'^ p-GaNf^sl ;^i«j-ol ^ol-;^l7l p^ ^^^1 

^^^]^ P^ p-GaNf^4«^l5l ^^;^i*j-<5l ^^MtII slui, n 44 

^^^ii;^}^ ^^^^a-^l ^<^>^4. 5Etb ^ ^^^^ ^^^1: ^^1^. "^"^^ 

^ ^^%^S.S. p^ > $14. ^Eflsl- tiiJEl: ^, ^ p^ 

A>^i ^ tfltv ^^51 ^oi ^, f^sfloj] M]^ 4^^= 

^^^^m^^l ^ SXA. ^^^1 4"^=^!: ^^^^ P^ ^ 

q-^^ A]-§-^ ^ SX^B-S., p^ ^^^*l-^til 4*^=^^ ^-g-t ^4. 
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11 

^Hl ^wl^Vfe 

^7] 2^H ^^^^ ^^71 p^ ^^1- tiVS^l^ ^7l p^ ^^^^} 

I^^^J- 21 

^1 1 *J-<=H1 ^7l ^sfi-^ 2^H <>1^^*>^ ^^m. 

^7] p^ 51-^1- tiVH^l^# ^^^th 4^, ^ ^41-^ ^i^^7liAi o]^ 
1^^^%!- 31 

2 ^Hl Sl^^i, ^^7l ;Hll o^^^^ ^o^-i^i^i 300t ~1000°C<^1a-1 30^ 

~3^1^> ^91 ^^l^m ^^i-^S *m 
4] 

2 9X^^^. ^^71 ;^12 'H^^^ ^'a-'^l^i ^^l*>i. 300 "C- 1000 °C<^1^^ 302: 
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[^^*^ 6] 
7] 

^1 5 $X<^^], ^7] ?d%-, Ni#, ?t%- ^ Au#-9-S o]^ol^ 

8] 

:^1 1 ;^1 2 *j-<^l $X^^^, ^71 sl-^l- «>£^1^^ p-GaNf^-2.^ ^^^t} 

^ ^^^^ "^^^^l^ ^l2:«tJ-^. 

9] 

^] 1 ^] 2 *j-oii ^^A^, ^^^nw^ ^^^s. ^^^m, 

^1-7] p^ ^l^^f^^ p-GaN#-^^ ^^^^}^ ^^^S. *m ^^^^;^1- 

10] 

^7] 51-^1- tiJr^^lf^ ^Hl ^o] «j-#s]^ ^^^*}^ ^12 ^^1; 

^1-71 ^^^^ ^Hl 2^ol:£ ^J. f^o^ 51-^1. ^^^*>^ ^13 ^^1; 
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2^H '^l^^tb 4#<^ ^-^^^>^ 4^^^"^. 

[^^•t 111 

^1 10 ^c>iAi, ^71 2^H <H^^^l>^i ^11 ^"d^^ ^ 

12] 

^1 11 9X'^^], ^7] o]^^^ 300t:~iooo°c<^l^i so 

^~3^1^> ^^l^m ^^^^ ^^^/^>sl 43,^^^. 
l^^*} 13] 

11 ^>7] 42 ^^^^ ^^1*>JL, 300°C~1000°CiA-i 30 

1%^^%!- 14] 

10 ^1- ^1 11 ^T-71 ^^f^ ^^^t} 
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[^^*^ 15] 

>ll 14 *J-<^1 ^<HA-1, ^7] Pdf^, Ni#, Pt# afe Au#^S ^^J^>fe 

16] 

^1 14 51^^-1, Pd^, Nif^, Ptf^ ^ Auf^^^ ^If-^^ ^^'^Hl^i 

^<=>1£ ^ 7115] ^^H^S. ^^^H ^^^^l-^ ^^^^ 

7\5\ ;^11S«J-^. 
17] 

^1 10 Sfe /^l 11 $io:|A-1, >^7l Sl-^l- tiVH^lf.^ p-GaNf^-^S. 
^1-^ ^^^S. ^^^^^}^ ^lS«o^^. 
18] 

^1 10 Sfe ^1 11 *J-<^1 $i<^>H, ^7l p^ ^tl- ^£^1f^^ ^f^AS. 
^^J*!-^, ^^7l p^ ^^sl^ ^^f^^ p-GaNf^-^S ^^^^1-^ ^^1-^^ *1- 
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